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Abstract 
With the exponential growth of social media i.e. blogs and social networks, organizations and individual persons are increasingly 
using the number of reviews of these media for decision making about a product or service. Opinion mining detects whether the 
emotions of an opinion expressed by a user on Web platforms in natural language, is positive or negative. This paper presents 
extensive experiments to study the effectiveness of the classification of Spanish opinions in five categories: highly positive, highly 
negative, positive, negative and neutral, using the combination of the psychological and linguistic features of LIWC. LIWC is a text 
analysis software that enables the extraction of different psychological and linguistic features from natural language text. For this 
study, two corpora have been used, one about movies and one about technological products. Furthermore, we have conducted a  
comparative assessment of the performance of various classification techniques: J48, SMO and BayesNet, using precision, recall and 
F-measure metrics. All in all, findings have revealed that the positive and negative categories provide better results than the other 
categories. Finally, experiments on both corpora indicated that SMO produces better results than BayesNet and J48 algorithms, 
obtaining an F-measure of 90.4% and 87.2% in each domain. 
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1. Introduction
7KHGUDPDWLF VSUHDGRI WKH ,QWHUQHW LQ VRFLHW\ KDV VXEVWDQWLDOO\ FKDQJHG WKH IRUPVRI FRPPXQLFDWLRQ HQWHUWDLQPHQW
NQRZOHGJHDFTXLVLWLRQDQGFRQVXPSWLRQ7KHUHLVDFRQVWDQWLQFUHDVHLQWKHQXPEHURISHRSOHZKRFRQVLGHUWKH,QWHUQHW
DVDPHGLXPIRUDQVZHULQJWKHLUTXHULHV>@LQDGGLWLRQWRXVLQJLWDVDSRZHUIXOPHDQVRIFRPPXQLFDWLRQ,QGHHGRQ
WKH RQH KDQG WKH UHYLHZV H[SUHVVHG LQ IRUXPV EORJV DQG VRFLDO QHWZRUNV DUH KDYLQJ JUHDWHU LPSRUWDQFH WRPDNH D
GHFLVLRQWREX\DSURGXFWKLUHDVHUYLFHDQGYRWHIRUDSROLWLFDOSDUW\DPRQJRWKHUV2QWKHRWKHUKDQGIRUSURYLGHUV
WKLV LQIRUPDWLRQ LV DOVR LPSRUWDQW WR JHW VRPH IHHGEDFN DERXW their clients’ expectations and needs, clients’ feelings
DERXWWKHLUSURGXFWVRUVHUYLFHVDQGWKHQWRLPSURYHWKHP+RZHYHUWKHQXPEHURIUHYLHZVKDVLQFUHDVHGH[SRQHQWLDOO\
RQWKH:HEWKHUHIRUHUHDGLQJDOO WKHRSLQLRQVLVLPSRVVLEOHIRUWKHXVHUV2QWKHVHJURXQGVGLIIHUHQWWHFKQRORJLHVWR
DXWRPDWLFDOO\SURFHVVWKHVHUHYLHZVKDYHODWHO\DULVHQ7KHVHWHFKQRORJLHVDUHXVXDOO\NQRZQDVRSLQLRQPLQLQJ
6HQWLPHQWDQDO\VLVRURSLQLRQPLQLQJLVDW\SHRIVXEMHFWLYLW\DQDO\VLVZKLFKDLPVDWLGHQWLI\LQJRSLQLRQVHPRWLRQV
DQG HYDOXDWLRQV H[SUHVVHG LQ QDWXUDO ODQJXDJH 7KH PDLQ JRDO LV WR SUHGLFW WKH VHQWLPHQW RULHQWDWLRQ LH SRVLWLYH
QHJDWLYH RU QHXWUDO RI DQ HYDOXDWLRQ E\ DQDO\VLQJ VHQWLPHQW RU RSLQLRQ ZRUGV DQG H[SUHVVLRQV LQ VHQWHQFHV DQG
GRFXPHQWV 7KUHH IXQGDPHQWDO SUREOHPV KDYH WR EH VROYHGZKLFK UHTXLUH DW OHDVW OLQJXLVWLF OH[LFDO DQG V\QWDFWLFDO
ODQJXDJHDQDO\VLVRUDULFKHUDQGIRUPDOWH[WFKDUDFWHULVDWLRQDVSHFWGHWHFWLRQRSLQLRQZRUGGHWHFWLRQDQGVHQWLPHQW
RULHQWDWLRQ LGHQWLILFDWLRQ >@ 7KH RSLQLRQ PLQLQJ WDVN FDQ EH WUDQVIRUPHG LQWR D FODVVLILFDWLRQ WDVN VR GLIIHUHQW
VXSHUYLVHGFODVVLILFDWLRQDOJRULWKPVVXFKDV6XSSRUW9HFWRU0DFKLQHV690%D\HV1HWZRUNVDQG'HFLVLRQ7UHHVFDQ
EHXVHGWRVROYHWKLVWDVN
7KDQNV WR WKHVH WHFKQLTXHVVHYHUDODWWHPSWVDW VHQWLPHQWFODVVLILFDWLRQDUHEHLQJPDGH+RZHYHURQHRI WKHPDLQ
LVVXHVLV WKDW WKHUHDUHPDQ\FRQFHSWXDOUXOHVWKDWJRYHUQ WKHOLQJXLVWLFH[SUHVVLRQRI VHQWLPHQWV+XPDQSV\FKRORJ\
ZKLFKUHODWHVWRVRFLDOFXOWXUDODQGRWKHUDVSHFWVFDQEHDQLPSRUWDQWIHDWXUHLQVHQWLPHQWDQDO\VLV)RUWKLVUHDVRQWKH
VHQWLPHQWPLQLQJSURFHVVUHTXLUHVDULFKDQGGLYHUVHWH[WDQDO\VLVDVLQSXW7KH/,:&WH[WDQDO\VLVVRIWZDUHLVDJRRG
FDQGLGDWHWKDWHQDEOHVWKHH[WUDFWLRQRISV\FKRORJLFDODQGOLQJXLVWLFIHDWXUHVIURPQDWXUDOODQJXDJHWH[W:HSURSRVHWR
HYDOXDWH KRZ/,:& IHDWXUHV FDQ EH XVHG WR FODVVLI\ UHYLHZV ,W LVZRUWK QRWLQJ WKDW PRVW RI WKH VWXGLHV RQ RSLQLRQ
PLQLQJ GHDO H[FOXVLYHO\ ZLWK (QJOLVK DQG &KLQHVH GRFXPHQWV SHUKDSV RZLQJ WR WKH ODFN RI UHVRXUFHV LQ RWKHU
ODQJXDJHV6LQFHWKH6SDQLVKODQJXDJHKDVDPXFKPRUHFRPSOH[V\QWD[WKDQPDQ\RWKHUODQJXDJHVDQGLVFXUUHQWO\WKH
WKLUGPRVWVSRNHQODQJXDJHLQWKHZRUOGZHILUPO\EHOLHYHWKDWWKHFRPSXWHUL]DWLRQRI,QWHUQHWGRPDLQVLQWKLVODQJXDJH
LVRIXWPRVWLPSRUWDQFH
7KH DLP RI RXU ZRUN LV WR HYDOXDWH KRZ WKH /,:& IHDWXUHV FDQ EH XVHG WR FODVVLI\ 6SDQLVK UHYLHZV LQWR ILYH
FDWHJRULHVSRVLWLYHQHJDWLYHQHXWUDOKLJKO\SRVLWLYHRUKLJKO\QHJDWLYHXVLQJGLIIHUHQWFODVVLILHUV)RUWKLVSXUSRVHWZR
FRUSRUDRI6SDQLVKSURGXFW UHYLHZVZHUHILUVWFRPSLOHG7KHILUVW RQH LVDFRUSXVRIPRYLHVZKLFKKDVDOUHDG\EHHQ
XVHG LQRWKHUVWXGLHV7KHVHFRQGRQH LVDFRUSXVRI WHFKQRORJLFDOSURGXFWVZKLFKKDVEHHQEXLOW IURPRQOLQHVHOOLQJ
ZHEVLWHV6HFRQGO\WKHFRUSRUDZHUHSURFHVVHGE\/,:&WRH[WUDFWOLQJXLVWLFIHDWXUHV7KHQWKUHHGLIIHUHQWFODVVLI\LQJ
DOJRULWKPVZHUHHYDOXDWHGRQWKHSURFHVVHGFRUSRUDZLWKWKH:(.$WRRO>@
7KLVSDSHULVVWUXFWXUHGDVIROORZV6HFWLRQSUHVHQWVWKHVWDWHRIWKHDUWRQRSLQLRQPLQLQJDQGVHQWLPHQWDQDO\VLV
6HFWLRQGHVFULEHVDQGGLVFXVVHVWH[WDQDO\VLVGLPHQVLRQVXVLQJ/,:&6HFWLRQSUHVHQWVWKHWKUHHFODVVLILHUVXVHGLQ
:(.$ IRU WKH H[SHULPHQW 6HFWLRQ  SUHVHQWV WKH HYDOXDWLRQ RI WKH FODVVLILHUV EDVHG RQ/,:& WH[W IHDWXUHV DQG WKH
FODVVLILFDWLRQRIUHYLHZVLQWRSRVLWLYHQHJDWLYHQHXWUDOKLJKO\SRVLWLYHDQGKLJKO\QHJDWLYH$OVRDFRPSDULVRQRIWKH
UHVXOWVZLWKUHODWHGZRUNLVSUHVHQWHG)LQDOO\6HFWLRQGHVFULEHVFRQFOXVLRQVDQGIXWXUHZRUN
2. Related Work
,Q UHFHQW \HDUV VHYHUDO SLHFHV RI UHVHDUFK KDYH EHHQ FRQGXFWHG LQ RUGHU WR LPSURYH VHQWLPHQW FODVVLILFDWLRQ0DQ\
DSSURDFKHV>@SURSRVHGPHWKRGVIRUWKHVHQWLPHQWFODVVLILFDWLRQRI(QJOLVKUHYLHZV
)RUH[DPSOHLQ>@WKUHHFRUSRUDDYDLODEOHIRUVFLHQWLILFUHVHDUFKLQWRRSLQLRQPLQLQJDUHDQDO\VHG7ZRRIWKHPDUH
XVHG LQ VHYHUDO VWXGLHV DQG WKH ODVW RQH KDVEHHQEXLOW DGKRF IURP$PD]RQ UHYLHZVRQGLJLWDO FDPHUDV)LQDOO\ DQ
690DOJRULWKPZLWKGLIIHUHQWIHDWXUHVLVDSSOLHGLQRUGHUWRWHVWKRZWKHVHQWLPHQWFODVVLILFDWLRQLVDIIHFWHG7KHVWXG\
SUHVHQWHGLQ>@SURSRVHVDQHPSLULFDOFRPSDULVRQEHWZHHQDQHXUDOQHWZRUNDSSURDFKDQGDQ690EDVHGPHWKRGIRU
FODVVLI\LQJSRVLWLYHYHUVXVQHJDWLYHUHYLHZV7KHH[SHULPHQWVHYDOXDWHERWKPHWKRGVDVUHJDUGVWKHIXQFWLRQRIVHOHFWHG
WHUPVLQDEDJRIZRUGVXQLJUDPVDSSURDFK,Q>@DFRPSDUDWLYHVWXG\RIWKHHIIHFWLYHQHVVRIHQVHPEOHPHWKRGVIRU
VHQWLPHQW FODVVLILFDWLRQ LV SUHVHQWHG 7KH DXWKRUV FRQVLGHU WZR VFKHPHV RI IHDWXUH VHWV WKUHH W\SHV RI HQVHPEOH
PHWKRGV DQG WKUHH HQVHPEOH VWUDWHJLHV WR FRQGXFW D UDQJHRI FRPSDUDWLYH H[SHULPHQWV RQ ILYHZLGHO\XVHGGDWDVHWV
ZLWKDQHPSKDVLVRQWKHHYDOXDWLRQRIWKHHIIHFWVRIWKUHHHQVHPEOHVWUDWHJLHVDQGWKHFRPSDULVRQRIGLIIHUHQWHQVHPEOH
PHWKRGV7KHUHVXOWVGHPRQVWUDWHWKDWXVLQJDQHQVHPEOHPHWKRGLVDQHIIHFWLYHZD\WRFRPELQHGLIIHUHQWIHDWXUHVHWV
DQGFODVVLILFDWLRQDOJRULWKPV IRUEHWWHUFODVVLILFDWLRQSHUIRUPDQFH ,Q WKLV OLQHRI UHVHDUFK+H	=KRX >@SURSRVHD
QRYHOIUDPHZRUNZKHUHSULRUNQRZOHGJHIURPDJHQHULFVHQWLPHQWOH[LFRQLVXVHGWREXLOGDFODVVLILHU7KHGRFXPHQWV
WDJJHGE\WKLVFODVVLILHUDUHXVHGWRDXWRPDWLFDOO\DFTXLUHGRPDLQVSHFLILFIHDWXUHZRUGVWKHZRUGFODVVGLVWULEXWLRQVRI
ZKLFK DUH HVWLPDWHG DQG DUH VXEVHTXHQWO\ XVHG WR WUDLQ DQRWKHU FODVVLILHU E\ FRQVWUDLQLQJ WKHPRGHO¶V SUHGLFWLRQV RQ
XQODEHOOHG LQVWDQFHV 7KH H[SHULPHQWV WKHPRYLHUHYLHZ GDWD DQG WKHPXOWLGRPDLQ VHQWLPHQW GDWDVHW VKRZ WKDW WKH
DSSURDFK DWWDLQV FRPSDUDEOH RU EHWWHU SHUIRUPDQFH UDWHV WKDQ H[LVWLQJ KDUGO\ VXSHUYLVHG VHQWLPHQW FODVVLILFDWLRQ
PHWKRGVGHVSLWHXVLQJQRODEHOOHGGRFXPHQWV,Q>@WKHDXWKRUVSURSRVHDQLQQRYDWLYHPHWKRGRORJ\IRURSLQLRQPLQLQJ
WKDWEULQJVWRJHWKHUWUDGLWLRQDOQDWXUDOODQJXDJHSURFHVVLQJWHFKQLTXHVZLWKVHQWLPHQWDQDO\VLVSURFHVVHVDQG6HPDQWLF
:HE WHFKQRORJLHV7KH DLPRI WKLVZRUN LV WR LPSURYH IHDWXUHEDVHGRSLQLRQPLQLQJE\ HPSOR\LQJRQWRORJLHV LQ WKH
VHOHFWLRQRIIHDWXUHVDQGWRSURYLGHDQHZPHWKRGIRUVHQWLPHQWDQDO\VLVEDVHGRQYHFWRUDQDO\VLV,Q>@DFRPSDUDWLYH
VWXG\DPRQJQJUDPVXQLJUDPELJUDPDQG WULJUDPPHWKRGDQGIHDWXUHZHLJKWLQJ7)DQG7),') LVSUHVHQWHG ,Q
WKLV SLHFH RI UHVHDUFKPHVVDJHV RI 7ZLWWHU WR UHYLHZ DPRYLH DUH XVHG IRU RSLQLRQPLQLQJ $OVR WKLV ZRUN LV RQO\
UHODWHGWRVHQWLPHQWFODVVLILFDWLRQLQWRWZRFODVVHVELQDU\FODVVLILFDWLRQWKDWLVDSRVLWLYHFODVVDQGQHJDWLYHFODVV7KH
SRVLWLYH FODVV VKRZV JRRGPHVVDJH RSLQLRQ RWKHUZLVH WKH QHJDWLYH FODVV VKRZV WKH EDGPHVVDJH RSLQLRQ RI FHUWDLQ
PRYLHV7KHVWXG\SUHVHQWHGLQ>@SURSRVHVDQHZXQVXSHUYLVHGDSSURDFKWRWKHSUREOHPRISRODULW\FODVVLILFDWLRQLQ
7ZLWWHUSRVWV7KHSRODULW\FODVVLILFDWLRQSUREOHPLVUHVROYHGE\FRPELQLQJ6HQWL:RUG1HWVFRUHVZLWKDUDQGRPZDON
DQDO\VLV RI WKH FRQFHSWV IRXQG LQ WKH WH[W RYHU WKH:RUG1HW JUDSK ,QRUGHU WRYDOLGDWH WKHLU XQVXSHUYLVHG DSSURDFK
VHYHUDO H[SHULPHQWV ZHUH SHUIRUPHG LQ RUGHU WR DQDO\VH PDMRU LVVXHV LQ WKH PHWKRG DQG WR FRPSDUH LW ZLWK RWKHU
DSSURDFKHV OLNH SODLQ 6HQWL:RUG1HW VFRULQJ RU PDFKLQH OHDUQLQJ VROXWLRQV VXFK DV 6XSSRUW 9HFWRU 0DFKLQHV LQ D
VXSHUYLVHG DSSURDFK&KHQ/LX	&KLX >@SURSRVH D QHXUDOQHWZRUNEDVHG DSSURDFK ,W XVHV VHPDQWLFRULHQWDWLRQ
LQGH[HVDV LQSXW IRU WKHQHXUDOQHWZRUNV WRGHWHUPLQH WKH VHQWLPHQWVRI WKHEORJJHUVTXLFNO\DQGHIIHFWLYHO\6HYHUDO
EORJVDUHXVHGWRHYDOXDWHWKHHIIHFWLYHQHVVRIWKHDSSURDFK7KHUHVXOWVLQGLFDWHWKDWWKHSURSRVHGDSSURDFKRXWSHUIRUPV
WUDGLWLRQDORQHVLQFOXGLQJRWKHUQHXUDOQHWZRUNVDQGVHYHUDOVHPDQWLFRULHQWDWLRQLQGH[HV
)XUWKHUPRUH RWKHU SURSRVDOV >   @ LQWURGXFHPHWKRGV IRU VHQWLPHQW FODVVLILFDWLRQ RI &KLQHVH UHYLHZV
=KDL ;X 	 -LD >@ DQDO\]H VHQWLPHQWZRUG VXEVWULQJ VXEVWULQJJURXS DQG NH\VXEVWULQJJURXS IHDWXUHV DQG WKH
FRPPRQO\XVHG1JUDPIHDWXUHV7RH[SORUHJHQHUDOODQJXDJHWZRDXWKRULWDWLYH&KLQHVHGDWDVHWVLQGLIIHUHQWGRPDLQV
ZHUHXVHG7KHVWDWLVWLFDODQDO\VLVRIWKHUHVXOWVLQGLFDWHVWKDWGLIIHUHQWW\SHVRIIHDWXUHVSRVVHVVGLIIHUHQWGLVFULPLQDWLYH
FDSDELOLWLHV LQ &KLQHVH VHQWLPHQW FODVVLILFDWLRQ ;X 3HQJ	&KHQJ >@ SURSRVH D QHZPHWKRG IRU LGHQWLI\LQJ WKH
VHPDQWLFRULHQWDWLRQRIVXEMHFWLYHWHUPVWRSHUIRUPVHQWLPHQWDQDO\VLV7KHPHWKRGWDNHVDFODVVLILFDWLRQDSSURDFKWKDW
LV EDVHG RQ D QRYHO VHPDQWLF RULHQWDWLRQ UHSUHVHQWDWLRQ PRGHO FDOOHG 6+$/ 6HQWLPHQW +\SHUVSDFH $QDORJXH WR
/DQJXDJH 7KH UHVXOWV LQGLFDWH WKDW WKLVPHWKRG KDV RXWSHUIRUPHG WKH 6230,PHWKRG DQG VHYHUDO RWKHU SXEOLVKHG
PHWKRGV ,Q >@D WZRVWDJH IUDPHZRUN IRUFURVVGRPDLQ VHQWLPHQWFODVVLILFDWLRQ LVSURSRVHG$EULGJHEHWZHHQ WKH
VRXUFHGRPDLQDQGWKHWDUJHWGRPDLQLVEXLOWZLWKWKHDLPRIJHWWLQJVRPHRIWKHPRVWUHOLDEO\ODEHOOHGGRFXPHQWVLQWKH
WDUJHW GRPDLQ 7KH UHVXOWV LQGLFDWH WKDW WKH SURSRVHG DSSURDFK FRXOG LPSURYH WKH SHUIRUPDQFH RI FURVVGRPDLQ
VHQWLPHQWFODVVLILFDWLRQGUDPDWLFDOO\,Q>@DVWXG\SUHVHQWVWKHVWDQGSRLQWWKDWXVHVLQGLYLGXDOPRGHOLPRGHOEDVHG
RQ DUWLILFLDO QHXUDO QHWZRUNV $11V WR GHWHUPLQH WH[W VHQWLPHQW FODVVLILFDWLRQ 7KH LQGLYLGXDO PRGHO FRPSULVHV
VHQWLPHQWDOIHDWXUHVIHDWXUHZHLJKWDQGSULRUNQRZOHGJHEDVH7KHUHVXOWVRIWKHH[SHULPHQWVKRZWKDWWKHDFFXUDF\RI
WKH LQGLYLGXDO PRGHO LV KLJKHU WKDQ WKDW RI VXSSRUW YHFWRU PDFKLQHV 690V DQG KLGGHQ 0DUNRY PRGHO +00
FODVVLILHUVRQWKHPRYLHUHYLHZFRUSXV
)LQDOO\ LW LV ZRUWK QRWLQJ WKDW QRWPDQ\ SURSRVDOV VXFK DV WKH RQH SUHVHQWHG KHUH >@ DUH IRFXVHG RQ VHQWLPHQW
FODVVLILFDWLRQRI6SDQLVKUHYLHZV,QWKLVZRUNWZROH[LFRQVDUHXVHGWRFODVVLI\WKHRSLQLRQVXVLQJDVLPSOHDSSURDFK
EDVHGRQFRXQWLQJWKHQXPEHURIZRUGVLQFOXGHGLQWKHOH[LFRQVWKDWRFFXULQHDFKHYDOXDWLRQ6SHFLILFDOO\DQRSLQLRQLV
SRVLWLYHLIWKHQXPEHURISRVLWLYHZRUGVLVJUHDWHUWKDQRUHTXDOWRWKHQXPEHURIQHJDWLYHRQHVDQGLVQHJDWLYHLQWKH
RSSRVLWHFDVH
,QRUGHU WR IXOO\ DQDO\VH WKH VWXGLHVGHVFULEHG DERYH DQG FRPSDUH WKHPZLWKRXUSURSRVDO D FRPSDUDWLYH WDEOH LV
SURYLGHGEHORZVHH7DEOHZKLFKVXPPDUL]HVUHOHYDQW SURSHUWLHVRI WKHVHSLHFHVRI UHVHDUFK)RU WKLVFRPSDULVRQ
IRXUIHDWXUHVKDYHEHHQXVHGFRPSXWDWLRQDOOHDUQLQJOLQJXLVWLFUHVRXUFHVGRPDLQDQGODQJXDJH
6HYHUDOPDFKLQHOHDUQLQJWHFKQLTXHVDUHXVHGLH6901DwYH%D\HVDPRQJRWKHUV$OPRVWDOO WKHSURSRVDOVXVH
FRPSXWDWLRQDO OHDUQLQJ 6SHFLILFDOO\ WKH 690 WHFKQLTXH LV WKHPRVW IUHTXHQWO\ XVHG >        @
%HVLGHV WKH WHFKQLTXHV RI1DwYH%D\HV >  @ DQG QHXUDO QHWZRUNV >@ DUH DOVR XVHG2Q WKH RWKHU KDQG RWKHU
SLHFHVRIUHVHDUFKGRQRWXVHDQ\PDFKLQHOHDUQLQJWHFKQLTXH>@
7KHWHFKQLTXHVXVHGIRUSRODULW\GHWHFWLRQLQWKHVHDSSURDFKHVDUHQJUDPV>@WHUPIUHTXHQF\>
@DQGVHPDQWLFRULHQWDWLRQLQGH[HV>@$OWHUQDWLYHDSSURDFKHVRQO\XVHOH[LFDOUHVRXUFHV>@
$OPRVWDOO WKHFRUSRUDXVHG LQ WKHSURSRVDOVPHQWLRQHGDERYH LQFOXGH UHYLHZVRQPRYLHV >@
2WKHUSURSRVDOVXVHFRUSRUDWKDWLQFOXGHUHYLHZVRQWRSLFVVXFKDVPXVLF>@KRWHOV>@SURGXFWV>@QHZV
>@'9'V>@DQGHOHFWURQLFV>@
7KH(QJOLVKODQJXDJHLVWKHPRVWXVHGLQWKHVHVWXGLHV>@+RZHYHURWKHUODQJXDJHVDUHXVHGLQ
VRPHSURSRVDOVVXFKDV&KLQHVH>@DQG6SDQLVK>@
2QWKHEDVLVRIWKHUHVXOWVREWDLQHGIURPWKHFRPSDUDWLYHDQDO\VLVVXPPDUL]HGLQ7DEOHWKHSUHVHQWVWXG\VHHNVWR
HYDOXDWHWKHSHUIRUPDQFHRIWKUHHGLIIHUHQWFODVVLI\LQJDOJRULWKPVLQWKHFODVVLILFDWLRQRI6SDQLVKRSLQLRQVWKURXJKWKH
FRPELQDWLRQRISV\FKRORJLFDODQGOLQJXLVWLFIHDWXUHVH[WUDFWHGXVLQJWKH/,:&WH[WDQDO\VHU
Table 1. Comparison of proposals for sentiment classification. 
Proposal 
Computational 
learning  
Linguistic resources Domain Language 
[4] Yes (SVM(Support Vector 
Machines)) 
Ngrams, TF-IDF ( Term 
frequency – Inverse document 
frequency), BO (Binary 
Occurrence) and TO (Term 
Occurrence) 
Movies, books, 
cars, cookware, 
hotels, music, 
cameras, phones 
and computers 
English 
[5] Yes (SVM and 
ANN(Artificial Neural 
Network)) 
Bag-of-words model  Movies, GPS, books 
and cameras  
English 
[6] Yes (NB (Naïve Bayes), ME 
(maximum entropy) and 
SVM) 
Ngrams and TF-IDF Movie, books, 
DVDs, Electronics 
and Kitchen. 
English 
[7] Yes (NB, SVM and ME) Sentiment dictionary Books, DVDs, 
electronics and 
Kitchen. 
English 
[8] No Sentiment 
dictionary(SentiwordNet) and 
ontologies 
Movies English 
[9] Yes (SVM) Ngrams, TF and TF-IDF Twitter (movies) English 
[10] Yes (SVM, NB and ME) SentiwordNet  Twitter (politics, 
business, 
economics) 
English 
[11] Yes (NN(Neural 
Network)) 
BPN (back-propagation neural 
network) and SO 
indexes. 
Movie, MP3 and 
Blog 
English and Chinese 
[12] Yes (SVM) Ngrams and TFIDF—C Hotels and 
products 
Chinese 
[13] Yes (SVM) Sentiment dictionary(S-HAL) News Chinese 
[14] No Sentiment dictionary (SentiRank) Products Chinese 
[15] Yes (ANN and SVM) Ngrams Movie Chinese 
[16] No BLEL: the Bing Liu English 
Lexicon 
Movie Spanish and English 
3. LIWC
/,:&/LQJXLVWLF ,QTXLU\DQG:RUG&RXQW LVD VRIWZDUHDSSOLFDWLRQ WKDWSURYLGHVDQ HIIHFWLYH WRRO IRU VWXG\LQJ WKH
HPRWLRQDOFRJQLWLYHDQGVWUXFWXUDOFRPSRQHQWVFRQWDLQHG LQ ODQJXDJHRQDZRUGE\ZRUGEDVLV(DUO\DSSURDFKHV WR
SV\FKROLQJXLVWLFFRQFHUQVLQYROYHGDOPRVWH[FOXVLYHO\TXDOLWDWLYHSKLORVRSKLFDODQDO\VHV0RUHPRGHUQUHVHDUFKLQWKLV
ILHOG SURYLGHV HPSLULFDO HYLGHQFH RQ WKH UHODWLRQ EHWZHHQ ODQJXDJH DQG WKH VWDWH RI PLQG RI VXEMHFWV RU HYHQ WKHLU
PHQWDO KHDOWK >@ ,Q WKLV UHJDUG IXUWKHU VWXGLHV VXFK DV >@ KDYH GHDOW ZLWK WKH WKHUDSHXWLF HIIHFW RI YHUEDOO\
H[SUHVVLQJHPRWLRQDOH[SHULHQFHVDQGPHPRULHV/,:&ZDVGHYHORSHGSUHFLVHO\IRUSURYLGLQJDQHIILFLHQWPHWKRGIRU
VWXG\LQJWKHVHSV\FKROLQJXLVWLFFRQFHUQVWKDQNVWRFRUSXVDQDO\VLVDQGKDVEHHQFRQVLGHUDEO\LPSURYHGVLQFHLWVILUVW
YHUVLRQ>@$QXSGDWHGUHYLVLRQRIWKHRULJLQDODSSOLFDWLRQZDVSUHVHQWHGLQ>@QDPHO\/,:&
/,:&SURYLGHVD6SDQLVKGLFWLRQDU\FRPSRVHGE\ZRUGVDQGZRUGVWHPV(DFKZRUGFDQEHFODVVLILHGLQWRRQH
RUPRUHRIWKHFDWHJRULHVLQFOXGHGE\GHIDXOWLQ/,:&$OVRWKHFDWHJRULHVDUHFODVVLILHGLQWRIRXUGLPHQVLRQV
VWDQGDUGOLQJXLVWLFSURFHVVHVSV\FKRORJLFDOSURFHVVHVUHODWLYLW\DQGSHUVRQDOFRQFHUQV
1H[W7DEOHVKRZVVRPHH[DPSOHVRIWKH/,:&FDWHJRULHV7KHIXOOOLVWRIFDWHJRULHVLVSUHVHQWHGLQ>@
Table 2. LIWC categories 
1. Linguistic processes Word count, total pronouns, articles, prepositions, numbers, negations 
2. Psychological Processes Affective process, positive emotions, negative emotion, cognitive process, perceptual 
process 
3. Relativity Time, space, motion 
4. Personal concerns Occupation, leisure activity, money/financial  issues, religion, death and dying  
$V FDQ EH VHHQ LQ 7DEOH  WKH ILUVW GLPHQVLRQ VWDQGDUG OLQJXLVWLF SURFHVVHV LQYROYHV IXQFWLRQ ZRUGV DQG
JUDPPDWLFDO LQIRUPDWLRQ ZKHUHDV WKH VHFRQG DQG IRXUWK GLPHQVLRQV DUH PRUH VXEMHFWLYH HVSHFLDOO\ WKRVH GHQRWLQJ
HPRWLRQDOSURFHVVHVZLWKLQWKHVHFRQGGLPHQVLRQ:LWKLQWKLVGLPHQVLRQWKHHPRWLRQRUDIIHFWLYHSURFHVVHVDUHXVLQJ
VXEGLFWLRQDULHVZKLFK JDWKHUZRUGV VHOHFWHG IURP VHYHUDO VRXUFHV VXFK DV WKH 3$1$6 >@ DQG5RJHW¶V7KHVDXUXV
EHLQJ VXEVHTXHQWO\ UDWHG E\ JURXSV RI WKUHH MXGJHV ZRUNLQJ LQGHSHQGHQWO\ 6LPLODU WR WKH ILUVW GLPHQVLRQ WKH WKLUG
GLPHQVLRQ³UHODWLYLW\´LVFRPSRVHGRIDFDWHJRU\FRQFHUQLQJWLPHZKLFKLVTXLWHFOHDUSDVWSUHVHQWDQGIXWXUHWHQVH
YHUEV :LWKLQ WKH VDPH GLPHQVLRQ WKH VSDFH FDWHJRU\ LQFOXGHV VSDWLDO SUHSRVLWLRQV DQG DGYHUEV
)LQDOO\WKHIRXUWKGLPHQVLRQLQYROYHVZRUGFDWHJRULHVUHODWHGWRSHUVRQDOFRQFHUQVLQWULQVLFWRWKHKXPDQFRQGLWLRQ
7KLVLVLPSRUWDQWEHFDXVHLWFDQDIIHFWWKHYRLFLQJRIDIHHOLQJLQDQRSLQLRQ
4. Data Sets
)RU WKHSUHVHQW VWXG\ D VHW RI UHYLHZV LQ 6SDQLVK WKDW LQFOXGHSRVLWLYH QHJDWLYH QHXWUDO KLJKO\SRVLWLYH DQGKLJKO\
QHJDWLYHUHYLHZVZDVQHFHVVDU\(DFKUHYLHZWH[WLVDVVLJQHGWRDVLQJOHFDWHJRU\PHDQLQJWKDWWKHUHYLHZDVDZKROHLV
HLWKHUSRVLWLYHQHJDWLYHHWF7KHUHIRUHWZRFRUSRUDZHUHFROOHFWHGRQHZLWKLQWKHGRPDLQRISURGXFWUHYLHZVDQGWKH
RWKHURQHZLWKLQ WKHGRPDLQRIPRYLH UHYLHZV7KH ILUVW RQHFRQWDLQV UHYLHZVRI WHFKQRORJLFDOSURGXFWV VXFKDV
PRELOH GHYLFHV VSHFLILFDOO\  KLJKO\ QHJDWLYH UHYLHZV  QHJDWLYH UHYLHZV  QHXWUDO UHYLHZV  SRVLWLYH
UHYLHZVDQGKLJKO\SRVLWLYHUHYLHZVREWDLQHGIURPRQOLQHVHOOLQJZHEVLWHVHJPRYLOHVFRP>@$OVRHDFKUHYLHZ
ZDVH[DPLQHGDQGFODVVLILHGPDQXDOO\WRHQVXUHLWVTXDOLW\7KHVHFRQGFRUSXVZDVREWDLQHGIURPWKHFRUSXVSUHVHQWHG
LQ >@ UHODWHG WRPRYLH UHYLHZV7KH RULJLQDO FRUSXV FRQWDLQV  RSLQLRQVZKLFK DUH DOUHDG\ FODVVLILHG LQWR ILYH
FDWHJRULHV  KLJKO\ QHJDWLYH UHYLHZV  QHJDWLYH UHYLHZV  QHXWUDO UHYLHZV  SRVLWLYH UHYLHZV DQG 
KLJKO\ SRVLWLYH UHYLHZV )RU WKLV H[SHULPHQW D FRUSXV RI  RSLQLRQV ZDV FRPSLOHG E\ VHOHFWLQJ  UDQGRP
RSLQLRQVIRUHDFKFDWHJRU\
2QFHWKHFRUSRUDKDYHEHHQEXLOWWKH\DUHDQDO\VHGWKURXJKDOOWKHSRVVLEOHFRPELQDWLRQVRI/,:&GLPHQVLRQVDQG
WDNLQJ LQWR DFFRXQW WKUHH SRVVLEOH VHWV RI RSLQLRQ FODVVHV SRVLWLYHQHJDWLYH SRVLWLYHQHXWUDOQHJDWLYH DQG KLJKO\
SRVLWLYHSRVLWLYHQHXWUDOQHJDWLYHKLJKO\QHJDWLYH/,:&VHDUFKHVIRUWDUJHWZRUGVRUZRUGVWHPVIURPWKHGLFWLRQDU\
FDWHJRUL]HVWKHPLQWRRQHRILWVOLQJXLVWLFGLPHQVLRQVDQGWKHQFRQYHUWVWKHUDZFRXQWVWRSHUFHQWDJHVRIWRWDOZRUGV
7KHYDOXHVREWDLQHGIRUWKHFDWHJRULHVZHUHXVHGIRUWKHVXEVHTXHQWWUDLQLQJRIWKHPDFKLQHOHDUQLQJFODVVLILHU
7KLVDQDO\VLVDLPVWRHYDOXDWHWKHFODVVLI\LQJSRWHQWLDORIWKHVHGLPHQVLRQVERWKLQGLYLGXDOO\DQGFROOHFWLYHO\
,W LV ZRUWK QRWLQJ WKDW WKH UHVXOWV REWDLQHG E\ /,:&ZHUHPDQXDOO\ HYDOXDWHG E\ H[SHUWV WR FRQILUP WKDW /,:&
SURGXFHVFRUUHFWUHVXOWVZKHQDQDO\VLQJDVHWRIUHYLHZV
5. Machine Learning and classification
,Q WKH SUHVHQW ZRUN:(.$ >@ KDV EHHQ XVHG WR HYDOXDWH WKH FODVVLILFDWLRQ VXFFHVV RI UHYLHZV SRVLWLYH QHJDWLYH
QHXWUDOKLJKO\SRVLWLYHRUKLJKO\QHJDWLYHEDVHGRQ/,:&FDWHJRULHV
Table 3. Machine learning methods 
Classifier Description 
J48 J48 was developed by Ross Quinlan. It is an open source Java implementation of the C4.5 algorithm in the Weka 
data mining tool. The algorithm uses an advanced technique to induce decision trees for classification and uses 
reduced-error pruning. The purpose of classifying data with decision tree is to discover if it contains well-
separated classes of items that can be interpreted meaningfully [25] 
BayesNet Bayesian networks are directed acyclic graphs in which the nodes represent propositions (or variables), the arcs 
imply the existence of direct causal dependencies between the linked propositions, and the strengths of these 
dependencies are quantified by conditional probabilities. Such a network can be used to represent the deep causal 
knowledge of an agent or a domain expert and turns into a computational architecture if the links are used not 
merely for storing factual knowledge, but also for directing and activating the data flow in the computations which 
manipulate this knowledge [26]. 
SMO Sequential minimal optimization (SMO) was developed by John Platt in 1998. SMO is an improved training 
algorithm for SVMs. Like other SVM training algorithms, SMO breaks down a large QP (quadratic programming) 
problem into a series of smaller QP problems. Unlike other algorithms, SMO utilizes the smallest possible QP 
problems, which are solved quickly and analytically, generally improving its scaling and computation time 
significantly [27]. 
:(.$ SURYLGHV VHYHUDO FODVVLILHUV ZKLFK DOORZV WKH FUHDWLRQ RI PRGHOV DFFRUGLQJ WR WKH GDWD DQG SXUSRVH RI
DQDO\VLV&ODVVLILHUVDUHFDWHJRUL]HG LQWR VHYHQJURXSV%D\HVLDQ 1DwYH%D\HV%D\HVLDQQHWV HWF IXQFWLRQV OLQHDU
UHJUHVVLRQ 602 ORJLVWLF HWF OD]\ ,%N /:/ HWF PHWDFODVVLILHUV %DJJLQJ 9RWH HWF PLVFHOODQHRXV
6HULDOL]HG&ODVVLILHUDQG,QSXW0DSSHG&ODVVLILHUUXOHV'HFLVLRQ7DEOH2QH5HWFDQGWUHHV-5DQGRP7UHHHWF
7KH FODVVLILFDWLRQ SURFHVV LQYROYHV WKH EXLOGLQJ RI D PRGHO EDVHG RQ WKH DQDO\VLV RI WKH LQVWDQFHV 7KLV PRGHO LV
UHSUHVHQWHG WKURXJK FODVVLILFDWLRQ UXOHV GHFLVLRQ WUHHV RUPDWKHPDWLFDO IRUPXODH7KHPRGHO LV XVHG WR JHQHUDWH WKH
FODVVLILFDWLRQRIXQNQRZQGDWDFDOFXODWLQJWKHSHUFHQWDJHRILQVWDQFHVZKLFKZHUHFRUUHFWO\FODVVLILHG
7KH H[SHULPHQW KDV EHHQ SHUIRUPHG E\ XVLQJ WKUHH GLIIHUHQW DOJRULWKPV WKH & GHFLVLRQ WUHH - WKH %D\HV
1HWZRUN OHDUQLQJ DOJRULWKP %D\HV1HW DQG WKH 602 DOJRULWKP IRU 690 FODVVLILHUV >@ 7KHVH DOJRULWKPV ZHUH
VHOHFWHGEHFDXVHWKH\KDYHEHHQXVHGLQVHYHUDOH[SHULPHQWVREWDLQLQJJRRGUHVXOWVLQGDWDFODVVLILFDWLRQ>@>@
1H[WDEULHIGHVFULSWLRQRIWKHPDFKLQHOHDUQLQJPHWKRGVFKRVHQIRUHYDOXDWLRQLVSUHVHQWHGLQ7DEOH
6. Evaluation and Results
6.1. 5HVXOWVDQGILJXUHVIRUWKHWHFKQRORJLFDOFRUSXV
,QRUGHUWRHYDOXDWHWKHUHVXOWVRIWKHFODVVLILHUVZHKDYHXVHGWKUHHPHWULFVSUHFLVLRQUHFDOODQG)PHDVXUH5HFDOOLV
WKHSURSRUWLRQRIDFWXDOSRVLWLYHFDVHVWKDWZHUHFRUUHFWO\SUHGLFWHGDVVXFK2QWKHRWKHUKDQGSUHFLVLRQUHSUHVHQWVWKH
SURSRUWLRQRISUHGLFWHGSRVLWLYHFDVHVWKDWDUHUHDOSRVLWLYHV)LQDOO\)PHDVXUHLVWKHKDUPRQLFPHDQRISUHFLVLRQDQG
UHFDOO
)RU HDFK FODVVLILHU D WHQIROG FURVVYDOLGDWLRQ KDV EHHQ GRQH 7KLV WHFKQLTXH LV XVHG WR HYDOXDWH KRZ WKH UHVXOWV
REWDLQHGZRXOGJHQHUDOLVHWRDQLQGHSHQGHQWGDWDVHW6LQFHWKHDLPRIWKLVH[SHULPHQWLVWKHSUHGLFWLRQRIWKHSRVLWLYH
QHJDWLYH QHXWUDO KLJKO\ SRVLWLYH DQG KLJKO\ QHJDWLYH FRQGLWLRQ RI WKH WH[WV D FURVVYDOLGDWLRQ LV DSSOLHG LQ RUGHU WR
HVWLPDWH WKHDFFXUDF\RI WKHSUHGLFWLYHPRGHOV ,W LQYROYHVSDUWLWLRQLQJD VDPSOHRIGDWD LQWRFRPSOHPHQWDU\ VXEVHWV
SHUIRUPLQJDQDQDO\VLVRQWKHWUDLQLQJVHWDQGYDOLGDWLQJWKHDQDO\VLVRQWKHWHVWLQJRUYDOLGDWLRQVHW
1H[WWKHUHVXOWVRISUHFLVLRQ3UHFDOO5DQGWKH)PHDVXUHIRUHDFKDOJRULWKPDUHUHSRUWHGWDEOH7KHILUVW
FROXPQLQGLFDWHVZKLFK/,:&GLPHQVLRQVDUHXVHGLHVWDQGDUGOLQJXLVWLFSURFHVVHVSV\FKRORJLFDOSURFHVVHV
UHODWLYLW\DQGSHUVRQDOFRQFHUQV
7KHWDEOHVEHORZVKRZWKHUHVXOWVREWDLQHGIRUWKHFODVVLILFDWLRQRIWHFKQRORJLFDOSURGXFWUHYLHZVE\XVLQJWZRWKUHH
DQGILYHFDWHJRULHVSRVLWLYHQHJDWLYHVHH7DEOHSRVLWLYHQHXWUDOQHJDWLYHVHH7DEOHDQGKLJKO\SRVLWLYHSRVLWLYH
QHXWUDOQHJDWLYHKLJKO\ QHJDWLYH VHH 7DEOH  ,Q WKH ILUVW FROXPQ WKH QXPEHU RI /,:& GLPHQVLRQV XVHG IRU HDFK
FODVVLILHU LV LQGLFDWHG)RUH[DPSOHBBB LQGLFDWHV WKDWDOO WKHGLPHQVLRQVKDYHEHHQXVHG LQ WKHH[SHULPHQWDQG
BLQGLFDWHVWKDWRQO\WKHFDWHJRULHVRIGLPHQVLRQVDQGKDYHEHHQXVHGWRWUDLQWKHFODVVLILHU
Table 4. Products with two categories (positive and negative). 
J48 BayesNet SMO 
P R F1 P R F1 P R F1 
1 0.739 0.741 0.74 0.799 0.797 0.797 0.843 0.843 0.843 
2 0.799 0.8 0.799 0.833 0.833 0.833 0.823 0.822 0.822 
3 0.733 0.735 0.73 0.781 0.782 0.781 0.796 0.795 0.795 
4 0.742 0.741 0.741 0.76 0.761 0.761 0.755 0.755 0.755 
1_2 0.803 0.804 0.803 0.885 0.881 0.882 0.887 0.887 0.886 
1_3 0.75 0.752 0.751 0.819 0.818 0.819 0.832 0.833 0.832 
1_4 0.771 0.771 0.771 0.813 0.811 0.812 0.832 0.833 0.832 
2_3 0.819 0.82 0.819 0.879 0.878 0.878 0.863 0.863 0.863 
2_4 0.808 0.809 0.809 0.854 0.852 0.853 0.845 0.845 0.844 
3_4 0.737 0.737 0.737 0.811 0.811 0.811 0.817 0.818 0.817 
1_2_3 0.816 0.816 0.816 0.889 0.885 0.886 0.881 0.881 0.881 
1_2_4 0.821 0.822 0.82 0.87 0.865 0.867 0.879 0.879 0.879 
1_3_4 0.803 0.804 0.802 0.828 0.827 0.828 0.837 0.838 0.837 
2_3_4 0.805 0.806 0.804 0.878 0.874 0.875 0.866 0.867 0.867 
1_2_3_4 0.83 0.831 0.83 0.878 0.874 0.875 0.904 0.905 0.904 
Table 5. Products with three categories (positive-neutral-negative). 
J48 BayesNet SMO 
P R F1 P R F1 P R F1 
1 0.677 0.687 0.682 0.697 0.687 0.692 0.743 0.745 0.744 
2 0.671 0.669 0.670 0.703 0.709 0.706 0.713 0.732 0.722 
3 0.605 0.634 0.619 0.597 0.645 0.620 0.585 0.678 0.628 
4 0.614 0.622 0.618 0.614 0.66 0.636 0.561 0.649 0.602 
1_2 0.705 0.704 0.704 0.769 0.753 0.761 0.772 0.782 0.777 
1_3 0.736 0.747 0.741 0.775 0.777 0.776 0.714 0.707 0.710 
1_4 0.672 0.68 0.676 0.717 0.71 0.713 0.717 0.727 0.722 
2_3 0.693 0.706 0.699 0.745 0.75 0.747 0.732 0.75 0.741 
2_4 0.667 0.675 0.671 0.739 0.742 0.740 0.73 0.744 0.737 
3_4 0.652 0.658 0.655 0.661 0.695 0.678 0.716 0.713 0.714 
1_2_3 0.677 0.678 0.677 0.763 0.748 0.755 0.776 0.785 0.780 
1_2_4 0.698 0.704 0.701 0.774 0.759 0.766 0.769 0.78 0.774 
1_3_4 0.665 0.672 0.668 0.727 0.719 0.723 0.738 0.748 0.743 
2_3_4 0.688 0.692 0.690 0.759 0.759 0.759 0.753 0.771 0.762 
1_2_3_4 0.678 0.686 0.682 0.766 0.753 0.759 0.774 0.786 0.780 
Table 6. Products with five categories (highly positive-positive-neutral-negative-highly negative). 
J48 BayesNet SMO 
P R F1 P R F1 P R F1 
1 0.407 0.413 0.41 0.433 0.463 0.447 0.473 0.506 0.489 
2 0.458 0.468 0.462 0.479 0.501 0.49 0.447 0.494 0.469 
3 0.394 0.398 0.395 0.328 0.445 0.376 0.364 0.471 0.410 
4 0.375 0.381 0.377 0.357 0.45 0.397 0.467 0.456 0.461 
1_2 0.495 0.497 0.496 0.517 0.526 0.521 0.536 0.543 0.539 
1_3 0.417 0.422 0.419 0.445 0.469 0.457 0.455 0.54 0.493 
1_4 0.426 0.422 0.424 0.457 0.475 0.466 0.48 0.514 0.496 
2_3 0.496 0.5 0.498 0.514 0.532 0.523 0.475 0.518 0.495 
2_4 0.478 0.479 0.478 0.504 0.526 0.515 0.473 0.509 0.49 
3_4 0.425 0.421 0.422 0.393 0.443 0.416 0.466 0.495 0.48 
1_2_3 0.464 0.469 0.466 0.515 0.523 0.519 0.528 0.544 0.536 
1_2_4 0.498 0.498 0.498 0.517 0.529 0.523 0.525 0.535 0.53 
1_3_4 0.426 0.421 0.423 0.449 0.477 0.463 0.486 0.526 0.505 
2_3_4 0.452 0.454 0.452 0.518 0.538 0.528 0.487 0.518 0.502 
1_2_3_4 0.514 0.512 0.513 0.526 0.538 0.532 0.567 0.575 0.571 
&RQVLGHULQJ WKH WDEOHVDERYH WKHGLIIHUHQWFODVVLILFDWLRQDOJRULWKPVJHQHUDOO\ VKRZVLPLODU UHVXOWV DOWKRXJK690
REWDLQVEHWWHUUHVXOWV7KHEHVWFODVVLILFDWLRQUHVXOWVZHUHREWDLQHGXVLQJWZRFDWHJRULHVSRVLWLYHQHJDWLYHVHH7DEOH
$OVR WKH UHVXOWV IURP WKH - DOJRULWKP VKRZ WKDW LQGLYLGXDOO\ WKH VHFRQG GLPHQVLRQ ³SV\FKRORJLFDO SURFHVVHV³
SURYLGHVWKHEHVWUHVXOWVZLWKDQ)PHDVXUHRI&RQYHUVHO\WKHWKLUGGLPHQVLRQ³UHODWLYLW\³SURYLGHVWKHZRUVW
UHVXOWVZLWK DQ)PHDVXUHRI 2Q WKHRWKHU KDQG WKH FRPELQDWLRQRI DOO /,:&GLPHQVLRQVSURYLGHV WKHEHVW
FODVVLILFDWLRQUHVXOWZLWKDQ)PHDVXUHRI
7KH UHVXOWV IURP WKH %D\HV1HW DOJRULWKP DUH VLPLODU WR WKH RQHV REWDLQHG E\ WKH - DOJRULWKP DOWKRXJK WKLV
H[SHULPHQWSURYLGHVEHWWHUFODVVLILFDWLRQUHVXOWV7KHUHVXOWVVKRZWKDWWKHVHFRQGGLPHQVLRQ³SV\FKRORJLFDOSURFHVVHV³
SURYLGHV WKH EHVW UHVXOWV RQ LWV RZQ DV ZHOO ZLWK DQ )PHDVXUH RI 4XLWH WKH UHYHUVH WKH IRXUWK GLPHQVLRQ
³SHUVRQDOFRQFHUQV´SURYLGHV WKHZRUVW UHVXOWVZLWKDQ)PHDVXUHRI)XUWKHUPRUH WKHFRPELQDWLRQRIBB
/,:&GLPHQVLRQVSURYLGHVWKHEHVWFODVVLILFDWLRQUHVXOWZLWKDQ)PHDVXUHRI7KHUHVXOWVREWDLQHGE\PHDQVRI
WKHXVHRIWKHIRXUGLPHQVLRQVDUHDOVRJRRGZLWKDQRYHUDOO)PHDVXUHRI
7KHUHVXOWVIURPWKHH[SHULPHQWZLWK602DUHEHWWHUWKDQWKHRQHVREWDLQHGZLWKWKHSUHYLRXVDOJRULWKPV7KHUHVXOWV
VKRZ WKDW RQFH DJDLQ WKH ILUVW GLPHQVLRQ SURYLGHV WKH EHVW UHVXOWV E\ LWVHOI ZLWK DQ )PHDVXUH RI  2Q WKH
FRQWUDU\ WKH IRXUWKGLPHQVLRQ ³SHUVRQDOFRQFHUQV´SURYLGHV WKHZRUVW UHVXOWVZLWKD VFRUHRI0RUHRYHU WKH
FRPELQDWLRQRIDOO/,:&GLPHQVLRQVSURYLGHVWKHEHVWFODVVLILFDWLRQUHVXOWZLWKDQ)PHDVXUHRI
6.2. 5HVXOWVDQGILJXUHVIRUWKHPRYLHVFRUSXV
7KH WDEOHV EHORZ VKRZ WKH UHVXOWV REWDLQHG IRU WKH FODVVLILFDWLRQ RI  PRYLH UHYLHZV E\ XVLQJ WZR WKUHH DQG ILYH
FDWHJRULHVSRVLWLYHQHJDWLYHVHH7DEOHSRVLWLYHQHXWUDOQHJDWLYHVHH7DEOHDQGKLJKO\SRVLWLYHSRVLWLYHQHXWUDO
QHJDWLYHKLJKO\QHJDWLYHVHH7DEOH
,Q WKH FODVVLILFDWLRQ UHVXOWV IRU WKH FRUSXV RI PRYLHV 7DEOH  7DEOH  DQG 7DEOH  ZH IRXQG WKDW %D\HV1HW
DOJRULWKP7DEOHJHWVWKHEHVWUHVXOWVXVLQJWZRFDWHJRULHVSRVLWLYHQHJDWLYH:KHQFRQVLGHULQJWKHUHVXOWVIURPWKH
-DOJRULWKPWKH\VKRZWKDWLQGLYLGXDOO\WKHILUVWGLPHQVLRQ³VWDQGDUGOLQJXLVWLFSURFHVVHV³SURYLGHVWKHEHVWUHVXOWV
ZLWKDQ)PHDVXUHRI4XLWH WKHUHYHUVH WKHIRXUWKGLPHQVLRQ³SHUVRQDOFRQFHUQ³SURYLGHV WKHZRUVW UHVXOWV
ZLWKDQ)PHDVXUHRI,QDGGLWLRQWKHFRPELQDWLRQRIBB/,:&GLPHQVLRQVSURYLGHVWKHEHVWFODVVLILFDWLRQ
UHVXOWZLWKDQ)PHDVXUHRI
7KHUHVXOWV IURPWKHH[SHULPHQWZLWK%D\HV1HWDOJRULWKPSURYLGHVEHWWHUFODVVLILFDWLRQ UHVXOWV WKDQ-DOJRULWKP
7KHUHVXOWVVKRZWKDWWKHILUVWGLPHQVLRQ³VWDQGDUGOLQJXLVWLFSURFHVVHV³SURYLGHVWKHEHVWUHVXOWVRQLWVRZQDVZHOO
ZLWKDQ)PHDVXUHRI&RQYHUVHO\WKHIRXUWKGLPHQVLRQ³SHUVRQDOFRQFHUQV´SURYLGHVWKHZRUVWUHVXOWVZLWKDQ
)PHDVXUHRI%HVLGHVWKHFRPELQDWLRQRIB/,:&GLPHQVLRQVSURYLGHVWKHEHVWFODVVLILFDWLRQUHVXOWZLWKDQ
)PHDVXUHRI
7KH UHVXOWV RI WKH 602 DOJRULWKP DUH HYHQ EHWWHU WKDQ WKH RQHV REWDLQHGZLWK WKH WZR SUHYLRXV DOJRULWKPV 7KH
UHVXOWVVKRZWKDWRQFHDJDLQWKHILUVWGLPHQVLRQ³VWDQGDUGOLQJXLVWLFSURFHVVHV³SURYLGHVWKHEHVWUHVXOWVE\LWVHOIZLWK
DQ)PHDVXUHRI2QWKHFRQWUDU\WKHIRXUWKGLPHQVLRQ ³SHUVRQDOFRQFHUQV´SURYLGHVWKHZRUVWUHVXOWVZLWKD
VFRUHRI)XUWKHUPRUHWKHFRPELQDWLRQRIBB/,:&GLPHQVLRQVSURYLGHVWKHEHVWFODVVLILFDWLRQUHVXOWZLWKDQ
)PHDVXUHRI
Table 7. Movies with opinion classification (positive and negative). 
J48 BayesNet SMO 
P R F1 P R F1 P R F1 
1 0.774 0.773 0.773 0.814 0.813 0.813 0.812 0.811 0.811 
2 0.711 0.711 0.711 0.721 0.721 0.721 0.796 0.796 0.796 
3 0.755 0.753 0.753 0.705 0.703 0.703 0.745 0.744 0.744 
4 0.682 0.682 0.682 0.682 0.682 0.682 0.738 0.738 0.738 
1_2 0.78 0.78 0.78 0.828 0.828 0.828 0.869 0.868 0.868 
1_3 0.769 0.769 0.769 0.811 0.81 0.81 0.827 0.827 0.827 
1_4 0.764 0.763 0.763 0.808 0.806 0.806 0.834 0.834 0.834 
2_3 0.684 0.684 0.684 0.745 0.745 0.745 0.808 0.808 0.808 
2_4 0.721 0.721 0.721 0.722 0.722 0.722 0.805 0.805 0.805 
3_4 0.728 0.728 0.728 0.719 0.719 0.719 0.754 0.754 0.754 
1_2_3 0.796 0.796 0.796 0.822 0.82 0.82 0.872 0.871 0.871 
1_2_4 0.781 0.781 0.781 0.819 0.819 0.819 0.872 0.872 0.872 
1_3_4 0.754 0.754 0.754 0.817 0.816 0.816 0.844 0.844 0.844 
2_3_4 0.711 0.711 0.711 0.745 0.745 0.745 0.819 0.819 0.819 
1_2_3_4 0.778 0.778 0.778 0.82 0.819 0.819 0.855 0.854 0.854 
Table 8. Movies with three categories 
J48 BayesNet SMO 
P R F1 P R F1 P R F1 
1 0.558 0.565 0.561 0.648 0.662 0.654 0.569 0.678 0.618 
2 0.56 0.564 0.562 0.574 0.599 0.586 0.565 0.672 0.613 
3 0.544 0.565 0.554 0.494 0.583 0.534 0.516 0.613 0.560 
4 0.54 0.544 0.542 0.44 0.537 0.483 0.513 0.609 0.556 
1_2 0.581 0.581 0.581 0.682 0.69 0.685 0.687 0.714 0.7 
1_3 0.565 0.572 0.568 0.661 0.65 0.655 0.567 0.675 0.616 
1_4 0.582 0.574 0.577 0.644 0.659 0.651 0.584 0.697 0.635 
2_3 0.571 0.571 0.571 0.614 0.619 0.616 0.641 0.687 0.663 
2_4 0.567 0.57 0.568 0.566 0.589 0.577 0.605 0.665 0.633 
3_4 0.517 0.518 0.517 0.491 0.58 0.531 0.536 0.636 0.581 
1_2_3 0.584 0.582 0.583 0.669 0.675 0.672 0.696 0.721 0.708 
1_2_4 0.594 0.588 0.591 0.68 0.688 0.683 0.677 0.712 0.694 
1_3_4 0.584 0.585 0.584 0.641 0.655 0.648 0.621 0.693 0.655 
2_3_4 0.557 0.562 0.559 0.613 0.617 0.615 0.637 0.672 0.654 
1_2_3_4 0.582 0.579 0.581 0.67 0.676 0.672 0.697 0.724 0.71 
Table 9. Movies with five categories. 
J48 BayesNet SMO 
P R F1 P R F1 P R F1 
1 0.414 0.415 0.414 0.465 0.482 0.473 0.498 0.508 0.503 
2 0.522 0.527 0.524 0.447 0.445 0.446 0.439 0.434 0.436 
3 0.397 0.397 0.397 0.37 0.368 0.369 0.421 0.43 0.425 
4 0.339 0.34 0.339 0.264 0.343 0.298 0.366 0.385 0.375 
1_2 0.403 0.403 0.403 0.462 0.482 0.472 0.538 0.547 0.542 
1_3 0.406 0.408 0.407 0.454 0.47 0.462 0.497 0.503 0.5 
1_4 0.418 0.421 0.419 0.465 0.484 0.474 0.501 0.512 0.506 
2_3 0.375 0.375 0.375 0.402 0.43 0.415 0.482 0.485 0.483 
2_4 0.391 0.391 0.391 0.403 0.443 0.422 0.462 0.472 0.467 
3_4 0.377 0.377 0.377 0.325 0.368 0.345 0.418 0.43 0.424 
1_2_3 0.424 0.422 0.423 0.475 0.485 0.48 0.533 0.54 0.536 
1_2_4 0.419 0.419 0.419 0.465 0.486 0.475 0.523 0.531 0.526 
1_3_4 0.394 0.394 0.394 0.451 0.472 0.461 0.5 0.507 0.503 
2_3_4 0.373 0.372 0.372 0.401 0.427 0.413 0.474 0.483 0.478 
1_2_3_4 0.428 0.425 0.426 0.477 0.487 0.482 0.522 0.525 0.523 
6.3. 'LVFXVVLRQRIWKHUHVXOWV
*HQHUDO UHVXOWV VKRZ WKDW WKH FRPELQDWLRQ RI GLIIHUHQW /,:& GLPHQVLRQV SURYLGHV EHWWHU UHVXOWV WKDQ LQGLYLGXDO
GLPHQVLRQV,QGLYLGXDOO\WKHILUVWRQHDQGWKHVHFRQGRQHSURYLGHVWKHEHVWUHVXOWVSUREDEO\GXHWRWKHJUHDWDPRXQWRI
JUDPPDWLFDOZRUGVWKDWDUHSDUWRIWKHVWDQGDUGOLQJXLVWLFGLPHQVLRQDQGWKHIDFWWKDWZULWWHQRSLQLRQVIUHTXHQWO\FRQWDLQ
ZRUGV UHODWHG WR WKH HPRWLRQDO VWDWH RI WKH DXWKRU FRQWDLQLQJ ZRUG VWHPV FODVVLILHG LQWR FDWHJRULHV VXFK DV DQ[LHW\
VDGQHVVSRVLWLYHDQGQHJDWLYHHPRWLRQVRSWLPLVPDQGHQHUJ\DQGGLVFUHSDQFLHVDPRQJRWKHUV$OOWKHVHFDWHJRULHVDUH
LQFOXGHGLQWKHVHFRQGGLPHQVLRQFRQILUPLQJLWVGLVFULPLQDWRU\SRWHQWLDOLQFODVVLILFDWLRQH[SHULPHQWV)XUWKHUPRUHWKH
KLJKSHUIRUPDQFHRIWKHILUVWGLPHQVLRQLVQDWXUDOEHDULQJLQPLQGWKHFRQVLGHUDEOHSRWHQWLDORIIXQFWLRQZRUGVZKLFK
FRQVWLWXWHVDVXEVWDQWLDOSDUWRIVWDQGDUGOLQJXLVWLFGLPHQVLRQV7KHSULPHLPSRUWDQFHRIWKHVHJUDPPDWLFDOHOHPHQWVKDV
EHHQZLGHO\H[SORUHGQRWRQO\LQFRPSXWDWLRQDOOLQJXLVWLFVEXWDOVRLQSV\FKRORJ\$V&KXQJDQG3HQQHEDNHU 
KDYH LW WKHVHZRUGV³FDQSURYLGHSRZHUIXO LQVLJKW LQWR WKHKXPDQSV\FKH´9DULDWLRQV LQ WKHLUXVDJHKDYHEHHQ
DVVRFLDWHG WR VH[DJHPHQWDOGLVRUGHUV VXFKDVGHSUHVVLRQ VWDWXV DQGGHFHSWLRQ >@2Q WKHRWKHUKDQG WKH IRXUWK
GLPHQVLRQSURYLGHVWKHZRUVWUHVXOWVRZLQJWRWKHIDFWWKDWWKHWRSLFVVHOHFWHGIRUWKLVVWXG\³WHFKQRORJLFDOSURGXFWV´
DQG³PRYLHV´EHDUV OLWWOH UHODWLRQ WR WKHYRFDEXODU\FRUUHVSRQGLQJ WR³SHUVRQDOFRQFHUQV´FDWHJRULHV ,WFDQEHVWDWHG
WKDWWKLVGLPHQVLRQLVWKHPRVWFRQWHQWGHSHQGHQWDQGWKXVWKHOHDVWUHYHDOLQJ
$VUHJDUGVWKHFODVVLILFDWLRQZLWKWZRFDWHJRULHVSRVLWLYHQHJDWLYHLWSURYLGHVEHWWHUUHVXOWVWKDQWKHFODVVLILFDWLRQ
ZLWK WKUHH SRVLWLYHQHXWUDOQHJDWLYH DQG ILYH KLJKO\ SRVLWLYHSRVLWLYHQHXWUDOQHJDWLYHKLJKO\ QHJDWLYH FDWHJRULHV
7KXV LW LV E\ YLUWXH RI WKH FRPELQDWLRQ RI IHZHU FDWHJRULHV WKDW WKH FODVVLILFDWLRQ DOJRULWKP SHUIRUPV D EHWWHU
FODVVLILFDWLRQSUREDEO\GXHWRWKHIDFWWKDWLQDELSRODUV\VWHPWKHUHLVOHVVVSDFHIRUWKHFODVVLILFDWLRQRIVOLSSHU\FDVHV
,WDOVRPHDQV WKDWDGGLWLRQDOFULWHULDDQGIHDWXUHVDUH UHTXLUHG WRJHWD ILQHJUDLQHGFODVVLILFDWLRQ LQWRFDWHJRULHVIRU
LQVWDQFH
7KH UHVXOWV REWDLQHG IRU GLIIHUHQW FODVVLILHUV DUH VLPLODU +RZHYHU 602 SURYLGHV EHWWHU UHVXOWV WKDQ - DQG
%D\HV1HW7KHVHUHVXOWVFDQEHMXVWLILHGE\WKHDQDO\VLVRIGLIIHUHQWDOJRULWKPVSUHVHQWLQ>@ZKHUHLWLVFOHDUO\VKRZQ
KRZ690PRGHOVDUHPRUHUREXVWDQGDFFXUDWHFRPSDUHGWRRWKHUFODVVLILHUVLQFOXGLQJWKHRQHVXVHGLQWKLVSLHFHRI
UHVHDUFK )XUWKHUPRUH 690V KDYH EHHQ VXFFHVVIXOO\ DSSOLHG WR PDQ\ WH[W FODVVLILFDWLRQ WDVNV GXH WR WKHLU PDLQ
DGYDQWDJHVILUVWWKH\DUHUREXVWLQKLJKGLPHQVLRQDOVSDFHVVHFRQGDQ\IHDWXUHLVUHOHYDQWWKLUGWKH\DUHUREXVWZKHQ
WKHUHLVDVSDUVHVHWRIVDPSOHVDQGILQDOO\PRVWWH[WFDWHJRUL]DWLRQSUREOHPVDUHOLQHDUO\VHSDUDEOH >@8QOLNHRWKHU
FODVVLILHUVVXFKDVGHFLVLRQWUHHVRUORJLVWLFUHJUHVVLRQV690DVVXPHVQROLQHDULW\DQGLWFDQEHGLIILFXOWWRLQWHUSUHWLWV
UHVXOWVRXWVLGHLWVDFFXUDF\YDOXHV>@
)LQDOO\ZLWK UHJDUG WR WKHFODVVLILFDWLRQUHVXOWV IRU WKHFRUSXVRIPRYLHUHYLHZV WKH\DUHZRUVH WKDQ WKRVH IRU WKH
FRUSXVRIWHFKQRORJLFDOSURGXFWV)URPRXUSRLQWRIYLHZWKHFODVVLILFDWLRQUHVXOWVWKURXJK WKH/,:&GLPHQVLRQVDUH
VWURQJO\GHSHQGHQWRQ WKHWRSLF7KXV IRUH[DPSOH WKH FRPELQDWLRQRIBBB/,:&GLPHQVLRQV DFKLHYHV
WKHEHVWUHVXOWVIRUWKHFRUSXVRI³WHFKQRORJLFDOSURGXFWV³,QFRQWUDVWBB/,:&GLPHQVLRQVVKRZWKHEHVW
UHVXOWIRUWKHFRUSXVRI³PRYLHV³7KHUHLVQRGRXEWWKDWWKHIDFWRUORDGLQJVRIWKHIRXUGLPHQVLRQVSOD\DFRQVLGHUDEOH
SDUWKHUH
 &RPSDULVRQZLWKUHODWHGZRUN
$V VWDWHG HDUOLHU PDQ\ GLIIHUHQW DSSURDFKHV H[LVW IRU VHQWLPHQW FODVVLILFDWLRQ DQG RSLQLRQ DQDO\VLV LQ (QJOLVK DQG
&KLQHVH 0RUHRYHU WKH UHVXOWV IURP PRVW RI WKH DSSURDFKHV LQ WKHVH ODQJXDJHV SUHVHQW EHWWHU UHVXOWV WKDQ RWKHU
SURSRVDOVIRU6SDQLVKODQJXDJH:HFRQVLGHUHGWKDWWKHLQWHUHVWLQWKH(QJOLVKODQJXDJHDULVHVIURPWKHIDFWWKDWLWLVDQ
RIILFLDOODQJXDJHLQDODUJHQXPEHURIFRXQWULHVDQGPRVWRIWKHFRQWHQWRQWKH,QWHUQHWLVZULWWHQLQWKLVODQJXDJH$V
UHJDUGV&KLQHVH LW LVEHFRPLQJRQHRI WKHPRVW LPSRUWDQW ODQJXDJHV IRU LQWHUQDWLRQDOEXVLQHVV$VFRPPHQWHGRQ LQ
6HFWLRQH[WHQVLYHUHVHDUFKKDVEHHQFDUULHGRXWIRUWKHVHODQJXDJHVEXWQRWDOORIWKHPKDYHEHHQHYDOXDWHGXVLQJWKH
VWDQGDUGPHDVXUHV7KXV7DEOHVKRZVWKHUHVXOWVIURPWKRVHVWXGLHVWKDWKDYHEHHQHYDOXDWHGLQWHUPVRISUHFLVLRQ
UHFDOODQG)
Table 10. Comparison of related work with our proposal. 
Proposal Language Precision Recall F1 
[4] English 84.01 85.80 84.79 
[5] English 84.00 87.00 85.47 
[7] English N/A N/A 83.26 
[9] English 68.81 81.87 74.77 
[10] English 64.29 61.47 62.85 
[11] English and Chinese 75.00 61.90 67.80 
[12] Chinese  86.40 87.60 86.90 
[13] Chinese  N/A N/A 92.21 
[16] Spanish and English  63.93 62.74 63.33 
Our proposal Spanish 90.4 
87.2 
90.5 
87.2 
90.4 
87.2 
7DEOHVKRZVWKDWRXUSURSRVDOREWDLQHGVLPLODUUHVXOWVWRRWKHUDSSURDFKHVZLWKDKLJK)PHDVXUHRIDQG
+RZHYHULWLVGLIILFXOWWRFRPSDUHWKHGLIIHUHQWRSLQLRQPLQLQJDSSURDFKHVGHVFULEHGLQWKHOLWHUDWXUHEHFDXVH
QRQH RI WKH VRIWZDUH DSSOLFDWLRQV LV DYDLODEOH ,QGHHG WKH FRUSRUD XVHG IRU HDFK H[SHULPHQW GLIIHU VLJQLILFDQWO\ LQ
FRQWHQWDQGVL]HWRSLFVDQGODQJXDJH$IDLUFRPSDULVRQRIWZRRSLQLRQPLQLQJPHWKRGVZRXOGUHTXLUHWKHXVDJHRIWKH
VDPH WHVWLQJFRUSXV ,QVSLWHRI WKLV7DEOHVKRZV WKDW LQ >@ WKHV\VWHPREWDLQVDQ)PHDVXUHRIIRU WKH
6SDQLVKODQJXDJHZKLFKLVFRQVLGHUDEO\ORZHUWKDQWKHYDOXHREWDLQHGE\RXUDSSURDFK
7KH VWXGLHV IRU WKH (QJOLVK DQG &KLQHVH ODQJXDJH REWDLQHG VLPLODU )PHDVXUHV WR WKH RQHV REWDLQHG KHUH )RU
H[DPSOHSURSRVDOVLQ(QJOLVK>@DQG>@REWDLQHG)PHDVXUHVRIDQGDQGSURSRVDOVLQ&KLQHVH>@
DQG>@REWDLQHG)PHDVXUHVRIDQGUHVSHFWLYHO\+RZHYHULWLVLPSRUWDQWWRPHQWLRQWKHORZHUOHYHO
RIJUDPPDWLFDOFRPSOH[LW\RIWKH(QJOLVKDQG&KLQHVHODQJXDJHVDVFRPSDUHGWR6SDQLVKZKLFKVHHPVWRKDYHDVWURQJ
LPSDFWRQWKHILQDOUHVXOWV)RUH[DPSOHLQ&KLQHVHWKHUHDUHQRWHQVHVDQGFRQMXJDWLRQVIRUHYHU\YHUE
7. Conclusions and Future Work
,QWKLVSLHFHRIUHVHDUFKZHKDYHSUHVHQWHGDQH[SHULPHQWEDVHGRQVHQWLPHQWFODVVLILFDWLRQZLWKWKHDLPRIHYDOXDWLQJ
WKH FODVVLI\LQJ SRWHQWLDO RI /,:&GLPHQVLRQV ,Q RUGHU WR FRQGXFW D FRPSUHKHQVLYH VWXG\ZH KDYH FRQVLGHUHG WZR
WKUHH DQG ILYH FDWHJRULHV SRVLWLYHQHJDWLYH SRVLWLYHQHXWUDOQHJDWLYH DQG KLJKO\ SRVLWLYHSRVLWLYHQHXWUDOQHJDWLYH
KLJKO\ QHJDWLYH IRU WKH FODVVLILFDWLRQ RI UHYLHZV LQ 6SDQLVK 6XEVHTXHQWO\ LQ DQ DWWHPSW WR HYDOXDWH WKH HIILFDF\ RI
/,:&IHDWXUHV-%D\HV1HWDQG602:HNDFODVVLILHUVKDYHEHHQXVHG7KHUHVXOWVVKRZWKDW WKHFODVVLILFDWLRQRI
UHYLHZV ZLWK WZR FDWHJRULHV ³SRVLWLYHQHJDWLYH´ SURYLGHV EHWWHU UHVXOWV WKDQ ZLWK RWKHU FDWHJRULHV $OVR 602 LV D
FODVVLILHUWKDWKDVREWDLQHGWKHEHVWFODVVLILFDWLRQUHVXOWV)LQDOO\UHJDUGLQJWKHFRPSDULVRQZLWKWKHUHODWHGZRUNRXU
SURSRVDOKDVREWDLQHGHQFRXUDJLQJUHVXOWVZLWKDKLJK)PHDVXUHVFRUHRIIRUWKHFRUSXVRIWHFKQRORJLFDOSURGXFW
UHYLHZVDQGIRUWKHFRUSXVRIPRYLHUHYLHZV
'HVSLWH DOO WKH DGYDQWDJHV DQG SRVVLELOLWLHV RI WKH SURSRVHG DSSURDFK LW KDV VHYHUDO OLPLWDWLRQV WKDW FRXOG EH
LPSURYHG LQ IXWXUH ZRUN )LUVW RXU DSSURDFK ODFNV UREXVWQHVV GXH WR WKH IDFW WKDW DOO WKH LQSXW WR /,:& PXVW EH
JUDPPDWLFDOO\FRUUHFW)XUWKHUPRUH/,:&SUHVHQWVOLPLWDWLRQVRIGLVDPELJXDWLRQDQGLJQRUHVFRQWH[WLURQ\VDUFDVP
DQG LGLRPV >@6HFRQGRXUDSSURDFKGRHVQRWPDNHXVHRIRWKHU VHQWLPHQWDQDO\VLV WHFKQLTXHVEDVHGRQVHQWLPHQW
OH[LFRQVVXFKDV6HQWL:RUG1HW>@)LQDOO\RXUDSSURDFKREWDLQVWKHJOREDOSRODULW\RIDUHYLHZ7KLVLVDGUDZEDFN
EHFDXVHDQHQWLUHGRFXPHQWRUDVLQJOHVHQWHQFHFRXOGFRQWDLQGLIIHUHQWRSLQLRQVDERXWGLIIHUHQW IHDWXUHVRI WKHVDPH
SURGXFWRUVHUYLFH>@,QIDFWFODVVLI\LQJRSLQLRQVDWWKHGRFXPHQWRUVHQWHQFHOHYHOGRHVQRWLQGLFDWHZKDWWKHXVHU
OLNHV DQGGLVOLNHV$SRVLWLYH UHSRUW RQ DQREMHFW GRHVQRWPHDQ WKDW WKHXVHUKDVSRVLWLYHRSLQLRQV RQ DOO DVSHFWV RU
IHDWXUHVRIWKDWREMHFW/LNHZLVHLWZRXOGEHLQDFFXUDWHWRVWDWHWKDWDQHJDWLYHGRFXPHQWHQWDLOVWKDWWKHXVHUGLVOLNHV
HYHU\WKLQJDERXWWKHREMHFW,QDGRFXPHQWHJDSURGXFWUHYLHZWKHXVHUW\SLFDOO\ZULWHVDERXWERWKWKHSRVLWLYHDQG
QHJDWLYHDVSHFWVRIWKHREMHFWDOWKRXJKWKHJHQHUDOVHQWLPHQWWRZDUGWKDWREMHFWPD\EHSRVLWLYHRUQHJDWLYH>@7R
REWDLQ VXFK GHWDLOHG DVSHFWV LW LV QHFHVVDU\ WR SHUIRUP IHDWXUHEDVHG RSLQLRQ PLQLQJ LQ DQ DWWHPSW WR LGHQWLI\ WKH
IHDWXUHVLQWKHRSLQLRQDQGWRFODVVLI\WKHVHQWLPHQWVRIWKHRSLQLRQIRUHDFKRIWKHVHIHDWXUHV>@
$VUHJDUGVIXUWKHUUHVHDUFKWKHDXWKRUVDUHFRQVLGHULQJDQHZFRUSXVZKHUHWKHYRFDEXODU\LVEHWWHUDOLJQHGZLWKWKH
³SHUVRQDO FRQFHUQV´GLPHQVLRQ DVZHOO DVRWKHU QHZFRUSRUD FRPSULVLQJGLIIHUHQW GRPDLQVRI WKH6SDQLVK ODQJXDJH
VLQFH UHVHDUFK LQWR VHQWLPHQW FODVVLILFDWLRQ LQ WKLV ODQJXDJH LV QHHGHG )XUWKHUPRUH ZH ZLOO XVH /,:& IHDWXUHV LQ
(QJOLVKDQG)UHQFKWRYHULI\ZKHWKHUWKLVWHFKQLTXHFDQEHDSSOLHGWRGLIIHUHQWODQJXDJHV2QWKHRWKHUKDQGZHDOVR
DWWHPSWWRDSSO\WKH3UREDELOLVWLF/DWHQW6HPDQWLF,QGH[LQJWRDXWRPDWHGGRFXPHQWLQGH[LQJ)LQDOO\LWLVDOVRLQWHQGHG
WRDGDSWWKLVDSSURDFKWRDIHDWXUHEDVHGRSLQLRQPLQLQJJXLGHGE\RQWRORJLHVDVLQWKHVWXG\SUHVHQWHGLQ>@
Funding 
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)('(5(5')WKURXJKSURMHFW6H&ORXG7,1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